The aim of this work was to verify the presence of seven virulence factors (ST, LT, eae, stx 1 , stx 2 , INV and EAEC) among Escherichia coli strains isolated from healthy humans, bovines, chickens, sheep, pigs and goats, from two sewage treatment plants and from the Tietê River. We have found a high prevalence of eae, stx 1 and stx 2 in ruminants. The EAEC gene was only found in humans and sewage. No strains presented ST, LT or INV. BOX-PCR fingerprints revealed a high diversity among the strains analysed and a non-clonal origin of strains that presented the same virulence factors. Therefore, we concluded that ruminants may constitute an important reservoir of most diarrheagenic E. coli in Brazil, except for EAEC strains. These results emphasize the importance of the identification of the animal source of fecal contamination for the correct water risk assessment.
INTRODUCTION
Fecal contamination of water systems is the major cause of waterborne enteric diseases in the world, responsible for killing about 2 million children a year (WHO 2007) . This situation has worsened in recent years as a result of an increase in the contamination of drinking, recreational and irrigation water with emerging pathogens such as Giardia, Cryptosporidium and Escherichia coli O157: H7, among others.
Escherichia coli is a bacterium widely spread among warm-blooded animals. It is responsible for many intestinal and extra-intestinal diseases. According to Moreno et al. (2010) , diarrheagenic E. coli is one of the most important enteric pathogens in Brazilian infants. The intestinal pathogenic strains belong to the pathotypes: enterohemorrhagic E. coli (EHEC), enteropathogenic E. coli (EPEC), Shiga toxin-producing E. coli (STEC), enteroinvasive E. coli (EIEC), enterotoxigenic E. coli (ETEC), diffusely adherent E. coli (DAEC) and enteroaggregative E. coli (EAEC). These pathotypes present specific virulence factors and symptoms which can be used for E. coli strains identification (Kaper et al. 2004) .
Several studies have demonstrated the importance of animals in the epidemiology of some E. coli pathotypes (reviewed in Nataro & Kaper 1998) . Ruminants have been described as the main reservoir of STEC and EHEC (Beutin et al. 1993; Brett et al. 2003) . However, some studies have indicated that healthy adult human carriers could be responsible for the dissemination of EAEC (Oundo et al. 2008) .
Therefore, the aim of this work was to verify the distribution of virulence factors (VFs) specific for the main E. coli and Stx-I and II (Shiga toxin I and II genes). The characteristics of the amplicons used as probes, the prototype strains and references for the specific primers used are shown in Table 2 . The amplicons were labelled with [a 32 P]dCTP (GE Healthcare) using the kit Ready-To-Go DNA Labelling Beads (GE, United Kingdom). The colony hybridization assays were performed under stringent conditions (Sambrook et al. 1989 ). ditions included an initial denaturation step at 951C for 7 min, followed by 30 amplification cycles (941C for 1 min, 531C for 1 min, 561C for 4 min) and a final extension at 651C for 16 min. The amplification products were separated by electrophoresis on 2.0% agarose, 1Â TBE buffer gels (Sambrook et al. 1989) . The gels containing ethidium bromide (0.5 mg ml À1 ) were run at 5.0 Vcm À1 . The results were visualized and recorded with a gel documentation system (Kodak).
BOX-PCR genotyping
The BOX-PCR fingerprints were analysed with the software GelCompar II (Applied Maths). A dendrogram was constructed by using the Jaccard similarity coefficient (Hassan et al. 2007 ) and the UPGMA (unweighted pair group method with arithmetic mean) algorithm. Strains that did not produce fingerprints were excluded from the analysis.
RESULTS
The 284 (Table 3) . Twenty-one of these strains (two from goats, eight from bovines and 11 from sheep) presented two VFs genes ( (Kaper et al. 2004) . Apparently, it is rare to find EAEC strains in animals and they probably do not constitute an important reservoir of this pathotype (Uber et al. 2006) .
Therefore, we suggest that healthy adult human carriers may have a role in the epidemiology of the EAEC strains.
The Tietê River is one of the most polluted rivers in Brazil (Rocha et al. 2009 ). However, it rises in an environmentally protected area in the city of Salesó polis and, since the sampling site was in this preserved area, a low level of fecal contamination was expected. In fact, no VF genes were found in the E. coli strains isolated from this sampling site.
Escherichia coli strains can be separated into four main phylogenetic groups: A, B1, B2 and D (Selander et al. 1986; Herzer et al. 1990) . Clermont et al. (2000) described a simple PCR-based method that uses a combination of the chuA and yjaA genes and the DNA fragment TSPE4.C2 to assign E. coli strains to the phylogenetic groups. The strains analysed in this work were classified into one of these four main phylogenetic groups (A, B1, B2 and D) in a previous work (Carlos et al. 2010 In the present study, we have found no association between a particular genetic fingerprint (as detected by BOX-PCR) and a specific VF gene. An interpretation of this result is that a broad range of genetic backgrounds can harbour the VFs tested and the potentially pathogenic strains found can have different origins.
Our results indicate that water contaminated with feces from sheep, bovines and goats might present a higher risk of enteric pathogenic E. coli than contamination with human feces. This result emphasizes the importance of the identification of the animal source of fecal contamination for the effective management and risk assessment of water systems.
